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| Abstracts
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Intrineic quedrupole moments of deformed nuclei are calculated
on a particle picture as a function of 2 and the deformation &, Effects
of the palring force ere exemined, The single-particle levels are those
of the Kil-ssm:i Meodel, but configuration mixing between major shells
H'=H %2 must bé inclu&eé. Chserved moments amre accounted for by

slightly smeller deformations than implied by the uniform-cherge model.
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* Quadrupole moments of deformed nuclel have always been discussed in terms of the
.uniform}y charged spheroid which esteblishes a connection bétwéén the guadrupole
 moment and the muclear deformstion.’ Bince our knovledge of muclear deformations
rests prineipally on this connection, it is of mterest to 1nveatiga’be the effects .

" of the partiele structure of uuclei on their madmpole moments.

In this wgrk we adopt & paz'ticle plcture of the nuclesus in c&léulating the
4quadmp02é moments, The 2 protons of the .nmleus are ssgumed to move in a sgheroim
well of ﬁmd defomﬁoa and the interparticle intera.c_tiqns ;.re ﬁppmximated by the
pairing force, introduced first to aceount for superflutdity by Bardeen, Cooper, and
Schrieffer (B0s).? |

Aasxm'that & certain single-particle Hemiltonian representing the independent-
partiele motion in nuclei can be aolved Represent the gquantum num‘bere of the
| eigeneta.tee by ¥ and the elgenvelues by E‘, Then in terms of theee elgenvalues,
| bﬁgdala bse shown how to compute the aingle—particle density matrix P,vis corresponding
.t.e parta.clea moving in the singlewpmmle potential end interaeting tm-ough the
pad.rmg force. xr there 1s some adaitioml pertxn'bation v on the single-particle
Haniitonian, then the density matrix, up. to first order 1a V, is-
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Puys = Pyuye + Py ' (1)

(2)

(3)

where

=E A, (%)

- 8nd A and."b are the chemical pe;éntm and énérgy gsp of the BCS theory.

' We havp com@ated the intrinaic quedrupole moment of & certain model nucleus
cvn@riaing Z protons moving in 8 permanently feformed potential well, and interacting
‘ thmngh & peiring f‘brce.“ Becauge the deformation is assumed time-independent the
results cen have qmtiwtiﬁe meaning for real nuclei only in the strongly deformed
rggigns._ NHevertheless the model msy have #t least qualitative meening for weakly
deformed puelel near closed shells. For the basic states in Egs. (1) - (4) ve take
m_'ez'genvﬂues mﬁ-ei@mctim of Nilsson end thtelsens which result from an
exmct disgoneligstion of their Hemiltonien, except that only matrix elements that
‘are diegonal in the oscillator quantum mumber N are included. That is, the deformation-
Gépendent part of their Hemiltonian is "

“%ﬁw: - R o (5)

%%o

It 18, however, essentisl to include the effects on the guadrupole moment of the

aoudiag@aal matrix elements of V-a. This can be dowe by treating the nondisgonal pert,

Yy oV (1= 8y (6)
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&s the perturbetion V in Eq. (3). Then the quadrupole moment is

Qo = QD + QNB’ ) | (7)
Z /By S gk P
= 1. N g Naa), (8)
2 ek U g0, o 2 Uz) ¢ _Q’AQZ" 7
baokelien sl

where b 18 defined in K. (3), Q,, is the single-particle ‘quadrupole moment operator,
and the basic states ¥ = N 0 are defined by Nilsson.’
The results of our calculation are displayed in the figure and in the table.

The quantity %/ZRz s which for the uniform-charge model is & constant (h/‘ja(l + 6/_2))
18 found to decrease monotonlcally with increasing Z through the rax;e earth region.
In the presence of the pairing force Qo/mz is a smooth function of Z. For small
deformation (5€0.1) 1t shows shell-closure effects as the pairing force 1s reduced.
However, at the deformations appropriate to the rare earth regiom, the pairing force
hag very little effect on the calculeted quadrupole moment.

" As indicated in the teble, our values of the deformation B for the lower rare
_earths_ s deduced by a comparison of the ‘experimental quadrupole moments with our cal-
culated values » are slightly smaller than those deduced vie the uniform-charge model.
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Table I

Intrinsic quadrupole maments Q@ = Q‘B + Qm (4n 3.0'2& cme) for some strongly deformed
nuclei, compared with the cbserved moments Uns® The deformation, &, deduced from
this comparison is compared with the deformation implied by eanelyzing the experis
mental velues of @ with @ = k/5 ZR” & (L + 8/2) for the wniform-charge model,

8 (this 8 (uniform

2 A “Calculated 4 IR S Rivct
neg f=4 Nneé lation)
12 | 2% | é.as 0.63. | é.g& 0.h8 T o».z!; B} 0.33
62 150 3.2% 6.60 110,11 3.62 0.13 : 0.17
62 2 329 671 1026 5.82 00 0%
6& 154 3.4 6.85 19'.,58 5.7 0.20 0.8
64 156 3.45 6.90 10,72 6.75 0.23 - 0,28
64 158 3.k 691 1067 T.35 0.25 0.30
64 160 3.45 6.9  10.TL  7.59 0.23 0.30
66 50 - 3.6@ 7.16 11,07  6.65 0.22 - 0,26
66 ¥e 3,63 7.3 1L17 7.1k 0,23 0.28
6 16k 3.6z 7.6 1116 7.48 0.2k 0.29
68 a6k 3.76  7.35 WM 7.07 0.23 0.26
68 166 378 T.39 1L T.52 0.2h 0.28
68 168 3,78 7. 11050 7.55 0.2k 0.28
68 170 3.80 7.54 11.55 7.3k o-.za 0.27
70 172 3.9 .02 1LT9 T.h2 0.23 0.26
72 176 3.95  7.95 1200 7.2 0.22 0.2k
T2 178 3.96 7.98 12,15 6.88 0,21 a'.za
72 180 3.98 7.9 12,20 6.60  0.20 0.23
T4 18z - 3.98 8.15 12,49 6.45 0.19 0.21

7 18, 399 819 1255 645 018 0.
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e quantity Q_fZR°, computed on the particle model of this articls,
is shown as a function of & for several values of the Geformetion, For
the uniform«cherge model Qolmz has the comstant velues 0,346, 0.23.9,
0.103 for the deformaetions § = 6, 4, 2 respectively,
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